Introduction
The Saturnispora clade was separated from the Pichia clade by phylogenetic analysis of rRNA gene divergence (Liu & Kurtzman, 1991; Kurtzman & Robnett, 1998) . At present, the Saturnispora clade consists of seven recognized species of Saturnispora, Saturnispora ahearnii, Saturnispora dispora, Saturnispora saitoi, Saturnispora zaruensis (Liu & Kurtzman, 1991) , Saturnispora hagleri (Morais et al., 2005) , Saturnispora mendoncae and Saturnispora besseyi (Kurtzman, 2006) , but with three anamorphic species Candida diversa, Candida silvae (Kurtzman et al., 2008) and Candida siamensis (Boonmak et al., 2009) . Strains in this clade were found in various habitats. Saturnispora dispora, S. saitoi and S. zaruensis were found in association with soil and plants, especially exudates of trees Barnett et al., 2000) . Saturnispora ahearnii, S. besseyi, S. hagleri and S. mendoncae were isolated from the muddy water in the rhizosphere of oyster grass (Kurtzman, 2006) , marsh water (Kurtzman, 2006) , two species of the Drosophila repleta group (Morais et al., 2005) and sauerkraut (Kurtzman, 2006) , respectively. While C. diversa was found in grape must, C. silvae was observed in various habitats such as vagina, sputum, horse intestine and water in mangrove forest (Meyer et al., 1998; Am-In, 2008) , and C. siamensis was found in sediments in the mangrove forest, rotten wood and wild mushroom (Boonmak et al., 2009) .
In Thailand, until recently, only anamorphic species in the Saturnispora clade were reported. They were C. diversa, which was found in forest soil, moss, insect frass and water in mangrove forest (Sumpradit, 2005; Jindamorakot, 2006; Boonmak, 2008) , and C. silvae, which was reported to be present in water and sediment in mangrove forest (Am-In, 2008; Boonmak, 2008; Boonmak et al., 2009) .
During the investigations of yeasts in various natural habitats in Thailand, nine strains were found to represent three novel Candida species in the Saturnispora clade. In this paper, strains RV96, RV152
were isolated from estuarine water in a mangrove forest in Ranong province, are described as a novel species, Candida sanitii sp. nov., strain EA1 T , which was obtained from estuarine water in a mangrove forest in Trat province, is proposed as Candida suwanaritii sp. nov. and Candida sekii sp. nov. is assigned to accommodate strains ST84 T , SR16 and UB13, which were derived from insect frass in Udon Thani province, and forest soils in Surin and Ubon Ratchathani province, respectively.
Materials and methods

Yeast isolation
Strains of the proposed novel species are shown in Table 1 . Six yeast strains, RV96, RV152 T , R14, RS9, RS58 and EA1 T , were isolated from six water samples collected from two mangrove forests by membrane filtration following the method of Limtong et al. (2007a) . Three yeast strains, ST84
T , SR16 and UB13, were isolated using an enrichment technique. Strain ST84
T was obtained from insect frass using yeast extract malt extract (YM) broth supplemented with 0.2% sodium propionate and 100 mg mL À1 chloramphenicol (Jindamorakot et al., 2007) , while strains SR16 and UB13 were derived from two forest soil samples by the same medium, but supplemented with 0.025% sodium propionate and 200 mg mL À1 chloramphenicol (Limtong et al., 2007b) . Purified yeast strains were suspended in YM broth (0.3% yeast extract, 0.3% malt extract, 0.5% peptone and 1% glucose) supplemented with 10% glycerol and maintained at À 80 1C.
DNA sequencing and phylogenetic analysis
Methods for DNA isolation, amplification of the D1/D2 domain of the large subunit (LSU) rRNA gene by PCR and sequencing with the ABI BigDye Terminator Cycle Sequencing kit (Applied Biosystems) using an ABI PRISM 3100 automated DNA sequencer (Applied Biosystems) were described previously (Limtong et al., 2007b) . The sequences were compared pairwise using BLASTN search (Altschul et al., 1997) , and were aligned with the sequences of related species retrieved from GenBank using the multiple alignment program CLUSTAL_X version 1.81 (Thompson et al., 1997) . A phylogenetic tree was constructed from the evolutionary distance data with Kimura's two-parameter correction (Kimura, 1980) , using the neighbour-joining method (Saitou & Nei, 1987) . Confidence levels of the clades were estimated from bootstrap analysis (1000 replicates) (Felsenstein, 1985) .
Yeast characterization
The strains were characterized morphologically, biochemically and physiologically according to the standard methods described by Yarrow (1998) . Carbon assimilation tests were conducted in liquid medium as per the method described by Yarrow (1998) . Assimilation of nitrogen compounds was examined on solid media with starved inocula following the method of Nakase & Suzuki (1986) . Growth at various temperatures was determined by cultivation in YM broth. Ubiquinones were extracted from cells cultivated in 500-mL Erlenmeyer flasks containing 250 mL of yeast extract peptone dextrose broth (1% yeast extract, 2% peptone and 2% dextrose) on a rotary shaker at 28 1C for 24-48 h and purified according to the method described by Yamada & Kondo (1973) and Kuraishi et al. (1985) . Isoprenologues were identified by HPLC as described previously (Limtong et al., 2007b) .
Results and discussion
Phylogenetic analysis
The sequences of the D1/D2 domain of the LSU rRNA gene of five strains (RV96, RV152 T , R14, RS9 and RS58) were the same. Their closest species in terms of pairwise sequence similarity was C. silvae, but with 12% nucleotide substitutions (63 nucleotide substitutions and 11 gaps out of 525 nt). Strain EA1 T differed from the five strains mentioned previously by 1.7% nucleotide substitution (nine nucleotide substitutions and no gap out of 534 nt) and from C. silvae by 13.7% nucleotide substitutions (74 nucleotide substitutions and five gaps out of 541 nt). Three strains (ST84 T , SR16 and UB13) had identical sequences of the D1/D2 domain of the LSU rRNA gene. In terms of pairwise sequence similarity of the D1/D2 domain of the LSU rRNA gene, these three strains were closely related to Candida sp. BG02-7-15-015A-2-1 and Candida sp. FN7S06, but with 1.1% nucleotide substitutions (nine nucleotide substitutions out of 531 nt) and 2.2% nucleotide substitutions (11 nucleotide substitutions out of 506 nt), respectively. They differed by 11.1% nucleotide substitutions (59 nucleotide substitutions , SR16 and UB13) with respect to closely related species. The phylogenetic tree was constructed from the evolutionary distance data corrected by two-parameter transformation of Kimura (1980) , using the neighbourjoining method. Numbers indicate percentages of bootstrap sampling, derived from 1000 samples. Bold font represents novel species in this study.
and six gaps out of 533 nt) from the type strain of C. diversa, their closest described species. According to Kurtzman & Robnett (1998) , yeast strains showing nucleotide substitutions 4 1% in the D1/D2 domain of the LSU rRNA gene are usually different species. Therefore, we concluded that the five strains (RV96, RV152 T , R14, RS9 and RS58) represented one novel species, strain EA1 T represented the second novel species and the three strains (ST84 T , SR16 and UB13) represented the third novel species. The phylogenetic tree based on the sequences of the D1/D2 domain of the LSU rRNA gene further demonstrated that the three novel species were placed in the Saturnispora clade, but at positions distinct from each other and the other species of the clade (Fig. 1) . The five strains (RV96, RV152 T , R14, RS9 and RS58) of the first novel species were in the same position and clustered with C. silvae, their closest species in terms of pairwise sequence similarity supported by a high bootstrap value. The second species, strain EA1 T , was in the same clade as the first novel species, but at a distinct position. The three strains (ST84 T , SR16 and UB13) of the third novel species were in the same position and clustered with Candida sp. BG02-7-15-015A-2-1, their closest relative, with high bootstrap support.
Phenotypic characteristics
Cells of the first novel species (RV96, RV152 T , R14, RS9 and RS58) and the second novel species (EA1 T ) were spherical to ovoidal (Figs 2 and 3) while cells of the third novel species (ST84 T , SR16 and UB13) were ovoidal, ellipsoidal to cylindrical (Fig. 4) . Cells of the three novel species were proliferated by multilateral budding. No pseudohyphae and true hyphae were formed by the second novel species (EA1  T ) while pseudohyphae were formed, but true hyphae were not formed by the other two novel species. Ascospores were not produced on 5% malt extract agar, Fowell's acetate agar, corn meal agar or Gorodkowa agar after 6 weeks at 15 1C. The other phenotypic characteristics of the novel species are shown in Table 2 .
Species delineation and identification
On the basis of morphological, biochemical, physiological and chemotaxonomic characteristics, and the sequence analysis of the D1/D2 domain of the LSU rRNA gene, we concluded as follows: strains RV96, RV152 T , R14, RS9 and RS58 represent one novel species of Candida and the name C. sanitii sp. nov. is proposed. Strain EA1
T represented the second novel species and the name C. suwanaritii sp. nov. is assigned to it. Similarly, C. sekii sp. nov. is named for the third novel species consisting of strains ST84 T , SR16 and UB13.
Candida sanitii sp. nov. can be distinguished from C. silvae, its closest species, by its inability to ferment glucose, inability to assimilate ribitol and D-glucitol, and ability to grow in a vitamin-free medium, on 50% glucose, and at 40 1C (weak) and 42 1C (weak) ( Table 2) . Candida suwanaritii sp. nov. can be separated from C. sanitii sp. nov. by its ability to ferment glucose, and to assimilate trehalose (weak) and soluble starch, inability to assimilate glycerol (weak) to grow at 40 and 42 1C and to produce acid from glucose (Table 2 ). From C. silvae, C. suwanaritii sp. nov. can be distinguished by its ability to assimilate trehalose (weak) and soluble starch, inability to assimilate glycerol, ribitol and D-glucitol, ability to grow in a vitamin-free medium and on 50% glucose and inability to grow at 40 1C (Table 2) . Candida sekii sp. nov. is separated from C. diversa, its closest phylogenetic relative, by its inability to assimilate D-mannitol and D-glucitol, and ability to grow in a vitamin-free medium (weak) and on 50% and 60% glucose (Table 2) .
Latin diagnosis of Candida sanitii Limtong, Am-In, Kaewwichian, Boonmak, Jindamorakot, Yongmanitchai, Srisuk, Kawasaki et Nakase sp. nov.
In medio liquido: 'YM', post dies 3 ad 28 1C cellulae globosae aut ovoideae (2.0-3.0 Â 2.0-3.5 mm), singulae aut binae, per germinationem multipolarem reproducentes. In agaro 'YM', post dies 3 ad 28 1C, cultura butyrosa, cremea, sublatum, glabra et margine glabra. Pseudohyphae formantur nec hyphae non formantur. Ascosporae non formantur.
Fermentatio nulla. D-Glucosum, ethanolum, glycerolum (exigue), D-mannitolum, acidium DL-lacticum, acidum succinicum, ethylaminum, L-lysinum et cadaverinum assimilantur at non D-galactosum, L-sorbosum, sucrosum, maltosum, cellobiosum, trehalosum, lactosum, melibiosum, raffinosum, melezitosum, inulinum, amylum
galacturonicum, acidum 2-keto-D-gluconicum, acidum 5-keto-D-gluconicum, D-glucono-d-lactonum, acidum citricum, inositolum, nitrosum nec nitricum. Vitamina externa ad crescentiam necessaria non sunt. Crescit in 50% glucosum. Non crescit in 10% NaCl/5% glucosum, 15% NaCl/5% glucosum, 60% glucosum nec 0.01% cycloheximido. 
Vitamin-free medium
Description of Candida sanitii Limtong, Am-In, Kaewwichian, Boonmak, Jindamorakot, Yongmanitchai, Srisuk, Kawasaki & Nakase sp. nov.
Growth in YM broth: After 3 days at 28 1C, cells are spherical to ovoidal (2.0-3.0 Â 2.0-3.5 mm) and occur singly or in pairs (Fig. 2a) . Budding is multilateral. Growth on YM agar: After 3 days at 28 1C, the streak culture is butyrous, creamcoloured, raised, with a smooth surface and has an entire margin. Pseudohyphae are formed, but true hyphae are not formed in slide culture on corn meal agar after 7 days at 28 1C (Fig. 2b) . Ascospores are not produced from individual strains or strains crossed on 5% malt extract agar, Fowell's acetate agar, corn meal agar and Gorodkowa agar after 6 weeks at 15 1C. The other phenotypic characteristics are shown in Table 2 . Holotype: RV152 T is the holotype of C. sanitii. The strain was isolated from estuarine water collected from a mangrove forest in Laem Son national park, Ranong province, Thailand. The living culture from the type was deposited at the BIOTEC Culture Collection (BCC), National Center for In medio liquido: 'YM', post dies 3 ad 25 1C cellulae globosae aut ovoideae (2.0-3.5 Â 2.5-4.5 mm), singulae aut binae, per germinationem multipolarem reproducentes. In agaro 'YM', post dies 30 ad 25 1C, cultura butyrosa, cremea, sublatum, glabra et margine glabra. Pseudohyphae et hyphae non formantur. Ascosporae non formantur.
D-Glucose fermentatur at non D-galactosum, sucrosum, maltosum, lactosum, raffinosum nec trehalosum. D-Glucosum, trehalosum (infirme), amylum solubile, ethanolum, D-mannitolum, acidium DL-lacticum, acidum succinicum, ethylaminum, L-lysinum et cadaverinum assimilantur at non D-galactosum, L-sorbosum, sucrosum, maltosum, cellobiosum, lactosum, melibiosum, raffinosum, melezitosum, inulinum, D-xylosum, L-arabinosum, D-arabinosum, D-ribosum, L-rhamnosum, N-acetyl-D-glucosaminum, methanolum, glycerolum, erythritolum, ribitolum, galactitolum, Growth in YM broth: After 3 days at 25 1C, cells are spherical to ovoidal (2.0-3.5 Â 2.5-4.5 mm) and occur singly or in pairs (Fig. 3) . Budding is multilateral. Growth on YM agar: After 30 days at 25 1C, the streak culture is butyrous, creamcoloured, raised, with a smooth surface and has an entire margin. Pseudohyphae and true hyphae are not formed in slide culture on corn meal agar after 7 days at 25 1C (Fig.  2b) . Ascospores are not produced on 5% malt extract agar, Fowell's acetate agar, corn meal agar and Gorodkowa agar after 6 weeks at 15 1C. The other phenotypic characteristics are shown in Table 2 .
Holotype: EA1 T is the holotype of C. suwanaritii. The strain was isolated from estuarine water collected from a mangrove forest in Pred Nai village, Trat province, Thailand. The living culture from the type was deposited at the BIOTEC Culture Collection (BCC), National Center for Genetic Engineering and Biotechnology (BIOTEC), Pathumthani, Thailand, as BCC 29900 Etymology: The species epithet suwanaritii (su.wa.na. ri.ti.i. N.L.gen.n) was chosen for this novel species in honour of Associate Professor Poonpilai Suwanarit, who is one of the pioneers in microbial biodiversity research in Thailand.
